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IN establishing the diagnosis of tuberculosis, the demonstration of the infecting
agent by microscopical and modern culture techniques is the method of choice.
Many attempts have also been made to establish a diagnosis by such serological
means as precipitation or the fixation of complement, but all these methods have
proved unsatisfactory, and none are in common use.
In 1948, Middlebrook and Dubos introduced a new technique-a haemagglu-
tination test-to demonstrate antibodies which may be present during the course
of infection. In this method washed sheep red cells were sensitised with an
extract of a culture of tubercle bacilli H37. They showed that sheep red blood
cells sensitised in this way were agglutinated by even small amounts of anti-
bodies in the patient's serum. They claimed that the test was specific for
tuberculosis, and suggested that it might be applied in clinical diagnosis. The
sera of six cases of patients known to be suffering from tuberculosis gave
positive results in a dilution of 1: 8 or over.
Using modifications of this technique, Gerney-Rieux and Tacquet (1950) and
Smith and Scott (1950) showed that 80 per cent of patients wvith active tuber-
culosis had positive hemagglutinin titres of 1: 8 or over. Higher figures of 92.3
per cent positive titres were published by Rothbard, Dooneif and Hite (19050).
Sohier, Juillard and lFrimberger (1950) with 8 positive out of 17 cases of active
pulmonary tuberculosis, and Hilson and Elek (1951) with only one-third of their
tuberculous patients giving positive results, found the test less useful. These
workers also found(l that a small percentage of healthy controls gave a positive
test.
In this investigation, the haemagglutination test has been applied in a series
of tuberculous patients, including tuberculous meningitis. An attempt was also
made to establish the relationship, if any, between the possession of haemagglu-
tinating antibodies and the presence or absence of a positive Mantoux
skin reaction.
rECHNIQUE.
The technique used by Smith and Scott (1950) for demonstrating halmagglu-
tinating antibodies was modified as follows:
Sheep red blood cells were washed repeatedly and 0.1 ml. of the packed cells
was sensitised with 6.0 ml. of a 1: 7j dilution of double strength deglycerinated
old tuberculin (B. and XNr.) by incubating at 37°C in a water bath for two hours.
The patient's serum was inactivated at 65'C for three minutes and freed from
heterophile antibodies by absorption with sheep red cells.
l'o 0.2 ml. of doubling dilutions of the patients serum, an equal volume of the
sensitised cells was added, and the mixture incubated in a 37°C water bath for
68three hours. On removal from the bath, the test was left overnight at room tem-
perature, and the presence or absence of agglutination determined by observation
on a microscopic slide, using the 2/3 in. objective. This methodl of reading
differed from that of Smith and Scott, who used a macroscopic methodl. A reading
wvas consi(dered positive if 34 or more red blood cells were clumped together.
The microscopical method was found to give a positive titre to two tubes higher
in the series than the macroscopical method. Middlebrook suggested that macros-
copic readings of 1 : 8 or over should be considered positive, and this was also
used by Gerney-Rieux and Tacquet, and by Sohier. The microscopic method of
reading in our experient is four times as sensitive as the macroscopic method,
sera were therefore onlv consi(dered to be positive in this investigation if the titre
was 1; 32 or over. Sera, which gave titres of 1: 8 and 1 : 16 are included, but
are considered negative.
H.-;MAGQLUTINATION REACTION IN ACTIVE NON-MENINGEAL TUBERCULOSIS.
The sera of 46 cases of active non-meningeal tuberculosis were examined. Of
ihese, 21 paticnts gave positive reactions from a titre of 1: 32 to 1: 512, and
25 were negative, i.e., showed a titre less than 1: 32, although 10 of these had
titres of 1: 8 or 1: 16 (Table l).
HADIMAGGLUTINATION REACTION IN HEALTHY NURSES.
A group of 91 healthy nurses, whose Mantoux reactions were not known, were
tested for haemagglutinating antibodies, and eleven of these contained anti-
bodies ranging from 1: 32 to 1: 128. Of the 80 who gave negative results, 34
had titres of 1: 8 or 1: 16. It was observed that the titres found in this group
were generally lower than those in the tuberculous series. A routine Mantoux
skin test was subsequently carried out on this group, and 51 were found to be
positive. Ten of those who gave positive haemagglutination titres between 1: 32
and 1 : 128 were in the skin test positive group. However, one of the 40 nurses
who were found to be Mantoux negative had shown a positive haemagglutination
in a titre above 1: 32 (Table 1).
TABLE 1.
NUMBER OF SERA POSITIVE TO MAXIMUM TITRE OF
Under 1:8 1:16 1:32 1:64 1:128 1:256 1:152
1:8
46 non-meningeal
tuberculous
patients ... 15 6 4 3 8 8 1 1
51 healthy
Mantoux-positive
nurses ... 14 14 13 7 2 1 -
40 healthy
Mantoux-negative
nurses o2 4 3 1 -
69From these results it would appear that a positive Mantoux skin test is more
often associated with a positive hamagglutination reaction than is a negative
Mantoux. However, the sera of Mantoux negative individuals may occasionally
show hwemagglutinating antibodies.
The 91 healthy nurses in this series had MIantoux skin tests applied several
days prior to sampling their sera for the haemagglutination test, and it
was suggested that the tuberculin used might have stimulated the production of
hamagglutinating antibodies. This possibility was pointed out by Smith and
Scott (1950), who showed that one out of 23 Mantoux negative and 12 out of 58
Mantoux positive healthy individuals possessed positive haemagglutination
reactions before Mantoux testing, but that these figures had risen to 5 and 27
respectively after Mantoux testing. It was therefore decided to investigate (1)
whether haemagglutinating antibodies appeared before or after the Mantoux skin
test became positive; and (2) if continued intradermal injections of tuberculin
might stimulate production of hwmagglutinating antibodies.
The 40 healthy nurses in the above group who were Mantoux negative, were
Mantoux skin tested every three months, samples of blood being tested one
week before and after the actual skin test. These nurses were followed up for
one year, and throughout the investigation continued their duties in the wards
of a large general hospital.
The results showed that the titre of each nurse's serum remained fairly con-
stant with only minor variations throughout the period of this experiment. One
nurse gave a consistently low positive titre and remained Mantoux negative
throughout. This nurse showed no evidence of pulmonary lesions on chest X-ray,
and her blood sedimentation rate never exceeded 7 mm. (Westergren). Seven
other nurses, who showed titres ranging from 1: 8 to 1: 16 also remained
Mantoux negative throughout the investigation, and clinical investigation
revealed no abnormality. Only four nurses changed from a Mantoux negative to
a Mantoux positive state. These four showed no haemagglutinating antibodies
even after Mantoux conversion.
HA,MAGGLUTINATION LEST IN TLUBERCIJLOUS MENINGITIS.
An attempt was made to adopt the haumagglutination test to the diagnosis of
tuberculous meningitis. The cerebro-spinal fluids of 40 cases of tuberculous
meninigitis, which were proved positive by cultural methods were examined.
The only difference in technique was the acceptance of hremagglutination in
cerebro-spinal fluid dilution of 1: 1 as a positive result. As controls, 10 cerebro-
spinal fluids from non-tuberculous patients were used.
In 4 cases of tuberculous meningitis out of 40, haemagglutinating antibodies
could be demonstrated in very low titre, i.e., from 1: 1 to 1: 8. The 10 control
fluicls were entirely negative.
70DISCUSSION.
'l'here is no evidence to show that the Mantoux test and the haemagglutination
reaction run parri passu. On the contrary, one out of 40 nurses with persistently
negative Mantoux skin reactions gave constantly, a positive haemagglutination
titre to 1: 32, while 7 others constantly showed titres ranging from 1: 8 to 1: 16.
In the serum of the one nurse who was persistently Mantoux negative and who
showed positive hamagglutination the titres never rose above 1: 32, unlike active
tuberculous cases, which generally show a much higher titre. Middlebrook and
Dubos (1948) found two nurses with a negative Mantoux who possessed
hwnmagglutinating antibodies in their blood, while Sohier et al. (1950) found
seven healthy adults with a negative Mantoux and a positive haemagglutination
reaction. Hilson and Elek (1951) also reported 1 out of 16 healthy Mantoux
negative individuals with a positive hwmagglutination test. Again four nurses
were found who changed from the Mantoux negative to the Mantoux positive
state and yet remained persistently hoemagglutination negative.
Smith andl Scott (1930) and Hilson and Elek (1951) suggested that carbohydrate
impurities in the old tuberculin used in the repeated Mantoux skin testing may
stimulate antibody production. The results obtained during this investigation
do not uphold this view. Although the nurses in this series had been Mantoux
skin tested on an average five times during the course of this work, the level of
circulating antibodies in their sera was not appreciably affected. The repeated
intradermal injections of tuberculin did not appear to stimulate the production of
haemagglutinins, nor did it produce any anamnestic response in the level of
hawmagglutinins already present.
In general, it appears that a Mantoux positive state is more often associated
witlh the presence of hemagglutinating antibodies than is a Mantoux negative
state. Beyond this, there does not seem to be any correlation between the Man-
toux state of the individual and the possession of hamagglutinating antibodies,
and there does not seem to be a rise in the titre of hwmagglutinating antibodies
oIn acquiring a positive skin Mantoux.
Although Middlebrook and Dubos consider that the hamagglutination reaction
indicates the presence of a specific antibody to the infecting agent in the course
of the disease, it does not necessarily indicate the degree of clinical activity in
the individual patient, since 54 per cent of non-meningeal tuberculous cases in
this series were active and yet showed no haemagglutinins.
The results of a few observations suggest that the presence of haemagglu-
tinatinig antibodies to the tubercle bacilli in the cerebro-spinal fluid, even in very
low titre, may sometimes indicate active tuberculosis of the meninges. The
number of tuberculous and non-tuberculous cerebro-spinal fluids in this series is
small, but it is felt that the results may be significant. It is not suggested that
the haimagglutination test be used as a routine method in the diagnosis of tuber-
71culous meningitis, as the lowx percentage of positive results is against such an
application; but it should be considered if all other tests in ordinary use prove
inconclusive.
CONCI USIONS.
1. The ha!magglutination test is not dependable in the diagniosis of tuberculosis
as 54 per cent of active tuberculous patients gave a negative result, while 12 per
cent of healthy individuals gave a positive hawmagglutination.
2. A Mantoux positive skin reaction is more often associated with a positive
hwmagglutination reaction than is a negative Mantoux.
3. Repeated Mantoux skin testing has no effect on the level of circulating anti-
bodies, nor does it stimulate their production.
4. Ten per cent of cerebro-spinal fluids from patients wxith tuberculous menin-
gitis possessed haemagglutinins. The application of this method in the diagnosis
of tuberculous meningitis is discussed.
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